Similarly, NTG-induced flow-changes in the isolated perfused rat heart were examined before and after IbTX treatment (0.1 mM). Concentration-relaxation curves to NTG in the presence of various K channel modulating agents were performed in vitro on porcine coronary arteries with and without intact endothelium. Results: I.v. infusion of IbTX reduced the in vivo hypotensive effect of NTG by 55% (before IbTX: 32.063.0 mmHg, vs. after IbTX: 14.563.2 mmHg, P,0.05) and nearly abolished NTG-induced increase in coronary flow in the isolated perfused heart (P,0.05). In vitro, this effect depended on an intact endothelium (endothelium intact segments; NTG: pD 55. modulation of endothelial BK significantly affects NTG-induced vasorelaxation in vitro, in the isolated perfused heart and in vivo.
Introduction
the in vivo significance of this interaction between NO and BK is not clear. cyclase mediated changes in cyclic guanosine monophosOpening of BK will allow K flux out of the cell leading Ca phate (cGMP)-levels in the smooth muscle cells [1] . to a change in the membrane-potential in a hyperpolarizing Recent data from patch-clamp experiments suggest that direction and induce vasodilation. nitrovasodilators and endogenous receptor-mediated NO endothelium. This finding suggests a possible endotheliumrelease (acetylcholine) in isolated arteries [3, 4] . Currently, dependent regulatory mechanism of NO action, involving 2) whether the vascular endothelium is likely to play a role 1.15, glucose 5.5, pyruvate 2.0. Drugs were infused into in the NO-mediated activation of BK which occurs in the aortic perfusion line using adjustable precision syringe Ca vitro. pumps. The hearts were allowed to equilibrate for 30 min.
Study protocol 2. Methods
The coronary vasodilator effect of NTG was measured by the construction of concentration-response curves (0.1-All studies conform with the Guide for the Care and Use 1000 mM) for both NTG and NTG-solvent (n56 in each of Laboratory Animals published by the US National group). The first concentration of NTG or NTG-solvent Institutes of Health (NIH publication No. 85-23, revised was infused for 3 min and the following concentrations 1996).
were infused with a standard 7 min intervening wash-out period. Based on the concentration-response curve, NTG 2.1. In vivo study 50 mM was used in the subsequent experiments, where changes in coronary flow to NTG were examined before The in vivo effect of BK blockade on the vasodilator (response5100%) and during infusion of IbTX (0.1 mM)
Ca action of NTG was studied in conscious, chronically (n55). The IbTX-infusion was commenced 5 min before catheterized, male, Wistar rats (250-290 g). After catheter the second NTG infusion. implantation in the ascending aorta and jugular vein, the The second part of the study protocol was repeated on rats were allowed to recover (5-7 days) until they had perfused hearts from rats (n56), which received an gained their preoperative weight and appeared healthy.
intravenous bolus infusion of PEG-SOD (30 000 units / Arterial blood pressure was measured continuously by a kg) 16-24 hours before study [8] . The infusion was given pressure transducer (Baxter Corp., Holland) connected to in a catheter placed in the jugular vein 5-7 days in the arterial catheter (medical-grade Tygon catheter). Tracadvance. In addition PEG-SOD (150 mg / ml) was added to ings were recorded by Maclab System for computerised the perfusion liquid. After treatment with PEG-SOD, the data recording and analysis. This animal model has response to 50 mM NTG was studied before (response5 previously been described in detail [6] . 100%) and during infusion of IbTX as described above.
2.1.1. In vivo study protocol 2.3. Isolated coronary arteries Two groups of six rats were studied. One group of animals received an infusion of iberiotoxin (IbTX; 0.1 mg
The left anterior descending coronary artery from male 21 kg i.v. over 5 min) and the control group received an Wistar rats (400-450 g) and from fresh porcine hearts was infusion of IbTX vehicle (0.9% NaCl). IbTX is a highly cleaned of adhering tissue and cut into ring segments, 1.5 selective inhibitor of BK [7] . The blood pressure lowerCa mm long. Each arterial segment was mounted in a myog-21 ing effect of NTG (20 mg kg i.v. over 1 min) was tested raph either by the insertion of a stainless-steel wire (rat one hour before and during the last minute of IbTX / experiments) or two fine stainless steel pins (porcine vehicle infusion. experiments) into the vessel lumen. The myograph systems have previously been described in detail [9, 10] . Six 2.2. Isolated perfused rat hearts myographs were used, allowing six arterial preparations to be studied simultaneously. Transducer signals were amMale Wistar rats (250-280 g) were anaesthetized with plified and displayed on an 8-channel Graphtec arraycorder 21 pentobarbital (100 mg kg i.p.) and then ventilated (Graphtec Corp., Japan). Vascular preparations were subthrough a tracheal cannula using a rodent respirator (Ugo merged in 5 ml tissue baths containing Krebs solution Basile, type 7025, Italy). After heparinization (1000 IU (composition in mM: NaCl 118.0, KCl 4.6, CaCl 2.5, 2 21 kg i.a.), the chest was opened and the heart perfused in MgSO 1.15, NaHCO 24.9, KH PO 1.15, glucose 5.5)
situ through a cannula inserted into the ascending thoracic at 378C and aerated with a mixture of 95% O and 5% 2 1 aorta. The perfused heart was then excised and mounted in CO (pH57.4). In experiments involving high K , 30 mM 2 1 a Langendorff apparatus (type 830, Hugo Sachs Electronic, and 80 mM isoosmolar K Krebs solutions were prepared Germany). Hearts were electrically paced at a heart rate of by substituting equimolar concentrations of NaCl with 21 300 min and the perfusion pressure was kept constant at KCl. Arterial segments were stretched to a passive tension 80 mmHg. Coronary flow rate was measured continuously of 0.5 g (rats) or 2.0 g (pigs) (optimal contraction in 1 response to K -depolarisation) and allowed to stabilize for NS2028 (1 mM) alone or in combination with IbTX (0.1 about 1 hour before the addition of drugs. Indomethacin (3 mM). mM) was added to all the organ-baths in all experiments to block the effects of endogenous prostaglandin synthesis. removed by gently rubbing the luminal surface of the (another nitrovasodilator, 10 -3310 M). vessel with a stick made of wood. The presence or absence of a functionally intact endothelium was examined by recording the response to the endothelium-dependent vaso-3. Data analysis and statistics dilator substance P (0.1 mM) added to arteries precontracted with PGF (10 mM). (Fig. 1A) . No change in the response to NTG was In isolated perfused rat hearts, the effect of NTG was reproducible and NTG concentration-dependently increased coronary flow (data not shown). The maximal increase in coronary flow rate was 33.965.6% at 100 mM (n55). In the experiment, examining the effect of NTG (50 mM) before and after IbTX (0.1 mM), the NTGinduced increase in coronary flow was reduced by 76.965.9% after infusion of IbTX (P,0.05) (Fig.1B) . Interestingly, IbTX only decreased the effect of NTG by 40.369.0% after pretreatment with PEG-SOD, suggesting that scavenging of reactive oxygen radicals diminish the hemodynamic effect of BK blockade on NTG-mediated Ca vasodilation (Fig. 5) . IbTX per se did not change the basal coronary flow rate (8.760.9 ml / min before, 7.561.0 ml / min after IbTX, P.0.05). (Fig. 1C ) and porcine coronary arteries ( Fig. 2A and Table 1 ). Also TEA produced a significant inhibition of the vasorelaxant effect of NTG, whereas glibenclamide and apamin failed to influence NTG-induced vasorelaxation ( endothelium intact vessels ( Fig. 2A and B) . Intriguingly, than those induced by 80 mM K (n515). This is a characteristic effect-profile seen with drugs acting by 1 opening of K channels. However, in endothelium-denuded preparations differences in the vasorelaxant effect of 1 1 NTG elicited by 30 mM K compared with 80 mM K (n56) was significantly attenuated (Fig. 3A and B) . The results suggest, that in endothelium intact vessels, potassium channel opening significantly contributes to NTGinduced vasorelaxation.
5.3.

Effect of sGC inhibition
The sGC inhibitor NS2028 produced the most prominent blockade of the NTG response ( Fig. 2A) . Addition of IbTX in the presence of NS2028 did not change the effect of NS2028 (Table 1 ). In endothelium denuded vessels, NS2028 produced a marked blockade of the NTG response similar to that found in endothelium-intact vessels (Fig.  2B) . IbTX did not change the effect of NS2028.
Effect of IbTX on SNP and nimodipine induced vasorelaxation
Like NTG the effect of SNP-derived NO was sig- 
Potassium channel opener characteristics of NTG
In endothelium-intact preparations, NTG relaxed con-1 tractions induced by 30 mM K much more effectively 
